On two occasions, six well-trained, male competitive triathletes performed, in random order, two experimental trials consisting of either a timed ride to exhaustion on a cycle ergometer or a run to exhaustion on a motor-driven treadmill at 80% of their respective peak cycling and peak running oxygen (1702 max) uptakes. At the start of exercise, subjects drank 250 ml of a 15g'100m1-1 w/v [U-14C]glucose solution and, thereafter, 150 ml of the same solution every 15 rain. Despite identical metabolic rates [1702 3.51 (0.06) vs 3.51 (0.10) l'min-1; values are mean (SEM) for the cycling and running trials, respectively], exercise times to exhaustion were significantly longer during cycling than running [-96 (14) vs 63 (11) min; P < 0.05]. The superior cycling than running endurance was not associated with any differences in either the rate of blood glucose oxidation [3.8 (0.1) vs 3.9 (0.4) mmol' min-1], or the rate of ingested glucose oxidation [-2.0 (0.1) vs 1.7 (0.2) mmol.min-1] at the last common time point (40 min) before exhaustion, despite higher blood glucose concentrations at exhaustion during running than cycling [7.0 (0.9) vs 5.8 (0.5) mmol.l-1; P < 0.05]. However, the final rate of total carbohydrate (CHO) oxidation was significantly greater during cycling than running [24.0 (0.8) vs 21.7 (1.4) mmol C6-min-1; P < 0.01]. At exhaustion, the estimated contribution to energy production from muscle glycogen had declined to similar extents in both cycling and running [-68 (3) vs 65 (5)%]. These differences between the rates of total CHO oxidation and blood glucose oxidation suggest that the direct and/or indirect (via lactate) oxidation of muscle glycogen was greater in cycling than running.
Introduction
The effect of carbohydrate (CHO) ingestion on energy metabolism and endurance capacity during prolonged ( >90 rain), low-to-moderate intensity [55-70% of maximal oxygen uptake [-(1?O2max) ] exercise has received much attention (for review see Coggan and Coyle 1991) . The majority of these investigations have utilised cycling protocols Coyle 1988, 1989; Coyle et al. 1983 Coyle et al. , 1986 Flynn et al. 1987; Ivy et al. 1983; Neufer et al. 1987; Rauch et al. 1995) , with only a few studies examining running performance (Madsen et al. 1990; Tsintzas et al. 1993a,b; Wilber and Moffat 1992) . A consistent finding of these studies is that the exercise time to exhaustion during moderate-intensity cycling is always much longer than for running (compare Coyle et al. 1983 with Tsintzas et al. 1993b ). However, the precise mechanism(s) for this observation remains unclear.
Although prolonged, moderate-intensity exercise has received a great deal of scientific attention, many popular athletic events require participants to exercise at high ( > 80% of 1?O2 max) intensities for up to 90 min. Yet, there is suprisingly little information on the metabolic demands of this intensity of exercise.
Therefore, the aim of the current investigation was to compare the metabolic and endurance responses of well-trained subjects during high-intensity (80% of I702 max) exercise to exhaustion when running and cycling. To the best of our knowledge, no previous study has attempted to examine such responses in athletes who are equally well trained in both disciplines.
Methods

Subjects
Six competitive male triathletes involved in regular endurance training and competition participated in this study. Only subjects who felt that they were equally trained in running and cycling prior to and during the testing period were selected for the investigation. The subject characteristics are described in Table 1 .
All procedures in this study were approved by the Research and Ethics Committee of the Faculty of Medicine of the University of Cape Town. As tracer amounts of [U-l~C]glucose (~0.7 mBq) were ingested and blood samples were taken, the risks were explained to all subjects before they provided written consent. The total radiation dose received by each subject was < 0.04 mSv and was well below the accepted safe dose, in South Africa, of 5 mSv'year -1 or 1.3 roSy-13 week 1 (Bosch et al. 1993a ).
Peak sustained power outputs (PPO) PPO in Table 1 were determined during a progressive, maximal exercise protocol on an electronically braked cycle ergometer (Lode, Bilthoven, The Netherlands, as described in detail previously (Hawley and Noakes 1992) . Briefly, after a 10-rain "warm-up", each subject started cycling at a work rate of 3.33 W "kg-1 body mass for 150 s, after which the work rate was increased by first 50 W and then 25 W for 150 s until the subject became exhausted. PPO was defined as the last completed work rate (in W) plus the fraction of time spent in the final non-completed work rate multipied by the 25 W work rate increase. Exhaustion was defined as a drop in a pedalling frequency of > 10 rev' rain ~ and was always associated with a respiratory exchange ratio (R) of > 1.10.
Peak treadmill running velocity
Peak treadmill running velocity was determined during a maximal test on a horizontal, motor-driven Powerjog EG30 treadmill (Sports Engineering, Birmingham, UK), as described previously (Scrimgeour et al. 1986 ). The treadmill was calibrated before all maximal tests and the subsequently described trials. The initial treadmill speed for the maximal test was 13 km' h-1 which was increased by 1 kin' h-1 every 60 s until the subject felt he could no longer maintain the pace. Peak treadmill velocity was taken as the final work rate a subject could maintain for 60 s.
Peak cycling and running oxygen consumptions (l?O2peak) During both the progressive cycling and running exercise tests, the subjects wore a nose-clip and inspired air via a Hans Rudolph 2700 0ne-way valve (Vacumed, Ventura, Calif., USA) connected to a drygas meter. Expired air was passed though a 15-1 baffled mixing chamber and a condensation coil to an Ametek S-3A/I 0 2 analyser with an N-22M sensor and a CD-3A CO 2 analyser with a P-61B sensor (Thermox Instruments, Pittsburgh, Pa., USA). Before each test, the gas meters were calibrated with a Hans Rudolph 5530 3-1 syringe and the analysers were calibrated with a 16% CO2:4% 02:80% N 2 gas mixture of known composition. The instrument 37 outputs were processed by an on-line IBM computer which calculated inspired ventilation volume (Vi), l/O 2 and expired carbon dioxide (I?CO2) values over each minute using conventional equations (Jones and Campbell 1982) . Peak cycling and running l/O 2 values, in the last completed work rate, were used to determine the exercise intensities corresponding to 80% of each subject's peak cycling and running l/O 2 values for the subsequent experimental trials.
Experimental trials
Each subject performed two experimental trials in random order. In these trials, the subjects either rode to exhaustion on the cycle ergometer, or ran to exhaustion on the treadmill at work rates corresponding to 80% of their peak cycling and running 1202, respectively. Trials were separated by a period of 7 days, during which time the subjects continued with their normal training and consumed their normal diet. Training and dietary records were kept by each subject to aid compliance.
On the day before each trial subjects refrained from exercise. The day before the second trial, they followed the same training/rest regimen and ingested meals similar to those consumed prior to their previous trial. The next day, the subjects came to the laboratory in a 12-to 14-h overnight-fasted state. In the laboratory, a 21-gauge cannula was positioned in an antecubital vein and connected to a three-way stop-cock for the collection of blood samples (10 ml) at rest and during the subsequent exercise bout. For the cycling trials, the stop-cock was attached directly to the cannula at the inner forearm and, for the running trials, the stop-cock was connected to the cannula via a length of sterile tubing and secured on the back of the wrist. After each blood sample, the tubing and/or cannula was flushed with 2-3 ml of sterile saline containing heparin (51U.ml-1) and, for that reason, the first 2-3 ml of the next blood sample was discarded.
Following withdrawal of a venous blood sample at rest, the subjects ingested 250 ml ofa ~ 0.9 kBq" retool-1 ( ~ 25/~Ci "mmol-1), 15% w/v [U-I~C] glucose solution (Amersham International, Buckinghamshire, UK) and began a 5-rain "warm-up" at a speed eliciting ~ 50% of 1202 ~ax. Thereafter, the subjects exercised to exhaustion at 80% of 1202 .... while ingesting 150 ml of the same [U-I'~C] glucose solution every 15 rain.
Prior to each drink, the subjects were asked to report their rating of perceived exertion (RPE) using the Borg 10-point scale (Borg 1975) . At the same time, they were asked to rank their stomach fullness on a scale of 1 (empty) to 5 (uncomfortably bloated).
Respiratory gas exchange measurements
After 10 rain of exercise, and at each subsequent 15 rain until exhaustion, 914CO2 specific radioactivities were measured by passing expired air from the !202 and 12CO2 analyser vents through a solution of 1 ml of 1N hyamine hydroxide in methanol, 1 ml of 96% ethanol and 1-2 drops of phenolphtalein. Expired air was bubbled through this solution for 2-3 rain until the phenolphthalein indicator changed from pink to clear, at which point i mmol of CO2 was trapped (Scherrer et al. 1978) . Liquid scintillation cocktail (10 ml, Ready Gel, Beckman Instruments, Fullerton, Calif., USA) was then added to the solution and 14COz disintegrations.rain -1 (dpm)-retool-~ were counted in an Insorb 460C Automatic Liquid Scintillation Counter (United Technologies, Packard, Ill., USA). All 14C counts were corrected for differences in quench and background counts.
Plasma glucose and insulin concentrations
Venous blood samples (10 ml) collected at rest and during the measurements of gas exchange were divided into two aliquots and stored on ice until the end of the trial. One series of aliquots was placed in tubes containing lithium heparin, centrifuged at 3000 rev" rain-1 for 15 min at 4 °C and the supernatant was stored at -20 °C for radioimmunoassay of plasma insulin concentration (Pharmacia Diagnostics, Uppsala, Sweden). The remaining aliquots were placed into tubes containing potassium oxalate and sodium fluoride, processed as before, and the frozen superuatants were used for (1) determinations of plasma glucose concentrations by an automated glucose analyser (LM3 Glucose Analyser, Analox Instruments, London, UK) and (2) measurements of plasma glucose and lactate specific radioactivities.
need to be corrected for [l~C]lactate oxidation and were determined with the following formula:
In this equation, GLUox is the rate of plasma glucose oxidation in mmol. min-1; SA COz is the specific (radio) activity of expired 14CO1 in dpm. mmol-1; SAglu is the corresponding specific (radio) activity of the plasma glucose in dpm. mmol-1; and VCO2 is the volume of expired CO2 in mmol.min -~, calculated from the 1. min-11)'CO2 and the 22.4 ml' retool-x gas volume. Since the complete conversion of one molecule of [U-14C] glucose to six molecules of 14CO2 decreases the dpm. mmol-1 specific radioactivity by a factor of six, the I?CO 2 values did not need to be divided by six to allow for six CO2 molecules arising from oxidation of one glucose molecule.
The same equation was used to determine the rates of ingested CHO oxidation. However, in this case, SAglu was the specific radioactivity of the drink in dpm. mmol-1 glucose equivalents.
This formula does not take into account the time taken to equilibrate ~4CO2 with the HCO~-pool. Although this time has been reported to vary between 5 min (Costill et al. 1973 ) and 90 min (Coggan et al. 1993) , it can be predicted from the flux of CO2 through the body HCO;-stores that equilibration is essentially complete in 20-30 min (Bosch et al. 1993b ). More to the point any systematic lag in the appearance of 14CO 2 in the breath would have been similar from trial to trial.
Plasma glucose and lactate specific radioactivities Plasma samples (1 ml) for the separation of glucose and lactate were adjusted to ~ pH 4 with 60 Ixl HzPO4 (2 tool. 1-1), placed in sealed tubes and deproteinised by heating for 10 rain at 70 °C in a shaking water bath. After the samples had cooled on ice for 10 rain, condensation on the inside walls of the tubes was washed down with 1 ml H20 (raised to pH 8.0 by addition of traces of NaOH) and the samples were adjusted to pH 7.0 with ~ 40 #1 K2CO 3 (3 mol, 1-1) and centrifuged at 5000 rev' rain-1 for 10 rain. Following centrifugation, the supernatant was stored on ice and the pellet was resuspended in 0.75 ml H20 and re-centrifuged three times.
The supernatants from the washed pellets were added to the previous supernatant and passed though a 500-rag Sephadex anion exchange column (Bakerbond SAX, Cape Town, South Africa) that had been conditioned with several void volumes of distilled water adjusted to pHg 8.0 with traces of NaOH. Glucose appeared in the void volume and was fully eluted into a scintillation vial with 3 ml H20. Lactate was subsequently eluted into a second scintillation vial with 2 ml CaC12 (1 moPl-1), and adjusted to a pH of 2.0 with HC1. Passage of the solution though the exchange column was accelerated to ~ 1 ml' rain-1 with a vacuum processor. After collection, the eluates were evaporated to near dryness at 70 °C for ~ 20 h before liquid scintillation cocktail was added for radioactive counting.
Each time plasma glucose and lactate were separated, a nonlabelled plasma sample was spiked with a known quantity of [-U-14C] glucose and run simultaneously to correct the measured dpm values for the percentage recovery. Corrections for the percentage recovery were performed so that plasma glucose dpm.mmo1-1 specific radioactivities could be calculated from the glucose concentrations measured in corresponding undiluted plasma samples. [U-14C] Glucose recoveries were all > 92%.
Glucose oxidation
Because plasma lactate counts were not significantly different from the background counts, rates of plasma glucose oxidation did not Total CHO and fat oxidation Rates of total CHO oxidation and fat oxidation were calculated from the 1. min-1 12CO 2 and 1)'O2 values using the formulae of Consolazio et al. (1963) , assuming a non-protein R. Rates of CHO oxidation (in g. min-1) were converted to mmol C6" rain -1 units by dividing the values by 180 mg. retool-1 molecular weight of glucose. Differences between the mmol C 6 • min -1 rates of total CHO oxidation and plasma glucose oxidation provided an estimate of the direct and indirect (via lactate) oxidation of muscle glycogen.
Statistical analyses
All results are expressed as means (SEM). Since some of the six subjects fatigued after ~ 45 rain, only the measurements at the earlier time points and at exhaustion have been compared. Differences in times to exhaustion were analysed with a paired Student's t-test. Statistical significances of differences between trails over time were assessed by a two-way analysis of variance (ANOVA) for repeated measures and located by Scheffes post hoc tests. A value of P < 0.05 was regarded as significant. Table 1 shows the cycling and running peak VO2 values of the triathletes in these studies. Because the triathletes' cycling and running 17Ozmax values were identical, the rides to exhaustion at 80% of l/Ozmax were performed at comparable metabolic rates. Average absolute 1202 values were 3.51 (0.06) l'min -1 in the cycling trial and 3.51 (0.10) 1" min-1 in the running trial (Table 2) . Running and cycling times to exhaustion Despite similar metabolic rates, however, there were large differences in the exercise times to exhaustion in the cycling and running trials (Fig. 1) . Whereas subjects were able to cycle for 96 (14) min at 80% of 12Ozm,x, they could run for only 63 (11) rain at the same exercise intensity (P < 0.05). The longer endurance times in cycling than in running trials were not associated with any real differences in RPE during exercise (Table 3) . Although the RPE values at 40 min tended to be lower when cycling than when running, the differences did not reach statistical significance.
Results
Cycling
The consistently lower RSF values in the cycle rides than in the runs were also not significant (Table 3) . However, while none of the subjects complained of gastric distress during the cycle rides, five of the six subjects felt nauseous at the end of the run.
Plasma glucose and insulin concentrations
Differences in the rises in plasma glucose concentration during the cycling and running trials are shown in Fig. 2 . In the cycling trial, plasma glucose concentration increased from 4.8 mmol'l -a to a plateau of 5.8 mmol'l-a after ~ 40 min. However, during the running trial, plasma glucose concentration continuously rose from 4.9 (0.1) to 7.0 (0.9) mmo1.1 -a and was Higher rates of total CHO oxidation in cycling than in running were associated with lower rates of fat oxidation (Fig. 4) . Whereas the contribution to energy production from fat oxidation increased to 17 (4)% mJ at the end of the running trial, it rose to only 10 (2)% mJ in the cycling trial (P < 0.01). In contrast, the higher rates of total CHO oxidation during cycling than during running did not influence the rate of energy production from glucose oxidation (Fig. 4) . In both trials, the contribution to energy production from glucose oxidation increased at a similar rate and rose to 22 (2)% mJ at exhaustion in the cycle ride.
Muscle glycogen and lactate oxidation significantly greater than in the cycling trial at 40 min and at exhaustion.
Greater rises in plasma glucose concentration in the running trial than in the cycling trial, however, had no effect on circulating plasma insulin concentrations (data not shown). During both trials, plasma insulin concentrations remained relatively constant over time and averaged 5.9 (0.5)mU.1-~ during the cycle rides and 5.7 (0.6) mU. 1-i during the runs.
Ingested and total glucose oxidation
Rises in the rates of both total glucose and ingested glucose oxidation were also similar in the two trials (Fig. 3) . During the cycle rides, rates of total glucose oxidation increased to 5.8 (0.5) mmol.min-1 at exhaustion and, during the runs, they rose to 4.6 (0.7) mmol" rain-i at the end of exercise. Lower final rates of total glucose oxidation in the runs than in the cycle rides were a reflection of the shorter duration of the running trial. At 40 min, the rates of total glucose oxidation were both ~ 3.9 mmol' min-*.
Rates of ingested glucose oxidation also followed a similar time course in the two trials (Fig. 3) . Peak rates of ingested glucose oxidation at exhaustion were 3.0 (0.3)mmol'min -i in the cycle ride and 2.2 (0.3) mmol.min-1 in the run. In each case, the peak rates of ingested glucose oxidation accounted for 50% of the final rates of total glucose oxidation.
Total CHO oxidation
In contrast, rates of total CHO oxidation were significantly greater in the cycling than in the running trial (Fig. 3) . Mean rates of total CHO oxidation were 24.0 (0.8) mmol C6" min-i during the cycle ride and 21.7 (1.4) mmol C6" min-1 during the run (P < 0.01).
Instead, differences between rates of total CHO oxidation and rates of glucose oxidation suggest that the Exercise duPation (=in) Fig. 4 The contribution to total energy production from fat oxidation, glucose oxidation and muscle glycogen and lactate oxidation during cycling and running to exhaustion at 80% of maximal oxygen uptake when ingesting carbohydrate direct or indirect (via lactate) oxidation of muscle glycogen, or both, were greater in cycling than in running (Fig. 4) . During the first 40 min of exercise, estimated contributions to energy production from muscle glycogen oxidation decreased from 87 (3) % to 77 (2) % mJ in the cycling trial and from 81 (3) % to 71 (2) % mJ in the running trial. All between-trial differences for estimated contributions to energy production from muscle glycogen oxidation were significant (P < 0.01). At exhaustion, however, the estimated contribution to total energy production from muscle glycogen oxidation was similar in the two trials. Subjects could no longer continue running or cycling when ~65% of their energy came from muscle glycogen and lactate oxidation.
Discussion
The first finding of the current study was that welltrained triathletes exercising at the same absolute intensity (80% of 1902max) became exhausted significantly earlier when running compared to cycling (P < 0.05; Fig. 1 ). Although it is traditionally accepted that 1902max values for cycling are 7-10% lower than those recorded for running (Hermansen and Saltin 1969; Koyal et al. 1976 ), our subjects were chosen because they were equally well trained in both disciplines, as exhibited by their identical 1902max values: The lower 1902pe~k values recorded for cycling than for running in single-sport athletes are typically due to a smaller muscle mass being recruited when cycling than running (Hermansen and Saltin 1969) .
The time to fatigue while running for the subjects in the current study (,~60 min) is shorter than that reported by Wilber and Moffat (1992) for ten male distance runners exercising at the same relative intensity while ingesting either water or CHO (92 vs 115 min respectively). The prolonged running times to fatigue at high intensities (80% of 1902max) reported in that study, however, seem to be the exception. Others (Madsen et al. 1990 ) have reported similar running times ( ,~70 min) to exhaustion at ,~80% of 1902max as those found in the current investigation. Indeed, only when running at a much lower exercise intensity (70% of 1902max) do performance times appear to approach 2 h (Tsintzas et al. 1993b) .
Previous studies have shown that exhaustion during prolonged, continuous moderate-intensity (< 75% of 1902max) exercise often coincides with hypoglycaemia in overnight-fasted subjects (Coyle et al. 1983 (Coyle et al. , 1986 Felig et al. 1982) and critically low muscle glycogen concentrations in fed subjects, or both (Bosch et al. 1993a) . It has been proposed that CHO ingestion during cycling postpones the onset of fatigue primarily by maintaining plasma glucose concentrations and high rates of CHO oxidation late in exercise (Coggan and Coyle 1991) . But CHO ingestion has failed to improve exercise performance during some (Noakes et al. 1988; Riley et al. 1988; Sasaki et al. 1987) but not all (Gordon et al. 1925; Tsintzas et al. 1993a; Williams et al. 1990 ) studies of endurance running.
In the present study, subjects became exhausted during cycling in a euglycaemic state (~5mmol-l-1), whilst during running they experienced a gradual increase in plasma glucose concentration throughout exercise, with modest hyperglycaemia (7.0 mmol" rain-1) near exhaustion (Fig. 2) . Such hyperglycaemia during intense running has been reported by others (Edwards and Hopkins 1993; Wilber and Moffat 1992) , and is partially due to a mismatch between hepatic glycogenolysis and muscle glucose uptake (Ahlborg et al. 1974) , particularly at the onset of exercise (Wahren et al. 1971) .
Despite the significantly higher plasma glucose concentrations during the running than the cycling trial there were no differences in either the rates of total blood glucose oxidation, or ingested glucose oxidation (Fig. 3) . The rates of total blood glucose oxidation in the present study (~ 1 g-min -1) are highly comparable with other investigations with trained subjects cycling at either 55% (Rauch et al. 1995) or 70% of 1902max (Bosch et al. 1993a; Broberg and Sahlin 1989; Hawley et al. 1994 ). However, the peak rates of ingested glucose oxidation observed in the current study (~0.5 g'min -I) are much lower than those typically measured during prolonged, moderate-intensity exercise (Bosch et al. 1993a; Hawley et al. 1992b; 1994; Rauch et al. 1995) . In those studies, ingested glucose oxidation typically peaks at ~ 1.0 g" min-1 (for review see Hawley et al. 1992a) and contributes approximately 20% of total CHO oxidation. It is likely that the higher relative work rate of the subjects in the current study may have reduced splanchnic blood flow and intestinal absorption, as has been proposed previously (Barclay and Turnberg 1987; Maughan et al. 1990; Williams et al. 1964) . In support of this hypothesis, Pirnay et al. (1982) observed that, as exercise intensity increases above ~50% of 190 2 .... ingested CHO oxidation plateaus, suggesting that the delivery of ingested glucose to the blood becomes limiting during intense exercise.
While none of the subjects complained of severe gastrointestinal (GI) discomfort during the cycle ride, five of the six subjects felt nauseous at the end of the run. Although distance runners often complain of GI problems during competition, with the prevalence as high as 50% (Rehrer et al. 1989 (Rehrer et al. , 1990 , there is little documentation of these symptoms in cyclists (Rehrer et al. 1990 ). However, it is unlikely that differences in gastric emptying are responsible for the higher incidence of GI distress in runners. Houmard et al. (1991) reported similar rates of gastric emptying for. well-trained biathletes during intense (75% of ~rO2max ) running and cycling. This suggests that the running action per se brings about mechanical disturbances in normal GI function, compared to cycling, during which the body remains relatively stable (Rehrer and Meijer 1991) and intra-abdominal pressures are not increased to the same degree as during running (Noakes 1992) .
With no significant difference in either the total or ingested rates of glucose oxidation, it is somewhat paradoxical that the rate of total CHO oxidation was significantly higher during cycling than running (Fig. 3,  lower panel) . As would be expected, the elevated CHO oxidation associated with cycling was accompanied by a concomitant reduction in the rate of fat oxidation (Fig. 4) , which strongly suggests that the direct or indirect (via lactate) oxidation of muscle glycogen, or both, may have been greater in cycling than in running.
Interestingly during both the running and cycling trials, subjects were no longer able to maintain the desired work rate when the estimated contribution to the overall energy requirements of exercise from muscle glycogen and lactate oxidation fell below 65% of total energy production. However, without data from muscle biospsied samples, we are able only to speculate as to the mechanism(s) causing exhaustion during such sustained high-intensity exercise.
Previously investigations which have employed prolonged, moderate-intensity cycling (Bosch et al. 1993a; Coyle et al. 1986 ) and running (Tsintzas et al. 1993b) have observed that fatigue occurs when the muscle glycogen concentration reaches critically low levels (usually < 40 mmol kg wet wt -1), despite the maintenance of euglycaemia (i.e. 5 mmol' 1-1). Thus, there may be an obligatory utilisation of a certain amount of endogenous CHO to maintain critic acid cycle intermediates at a level needed to support the oxidative capacity of the working muscle (Spencer et al. 1992 ).
In conclusion, we observed that well-trained triathletes exercising at the same absolute intensity (80% of gO2max ) became fatigued significantly earlier when running compared to cycling, despite high rates of blood glucose oxidation and the maintenance of high rates of CHO oxidation at the point of exhaustion. Further, during both the running and cycling trials, subjects were no longer able to maintain the desired exercise intensity when the calculated contribution from muscle glycogen and lactate oxidation to the overall energy requirements of the exercise task fell to below ~ 65 % of total energy production. Although the oxidation of blood glucose may be able to sustain high rates of CHO oxidation during prolonged, moderateintensity exercise, it may well be that some small, but critical, requirement for muscle glycogen exists during sustained, high-intensity exercise. Further research will be required to test this hypothesis, and to elucidate the cause(s) of fatigue when blood glucose concentration is maintained by feeding CHO during exercise.
